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L3 ANSWER 1 OF 81 MEDLINE on STN 

TI The cnidarian and the canon: the role of Wnt/beta-catenin 
signaling in the evolution of metazoan embryos. 

AB In a recent publication, Wikramanayake and colleagues have implicated the 
canonical Wnt/beta-catenin signaling pathway as a mediator of axial 
polarity and germ-layer specification in embryos of the cnidarian 
Nematostella . In this anthozoan, beta-catenin is localized in 
nuclei of blastomeres in one region of the 16- to 32 -cell embryo whose 
descendants subsequently form the entoderm of the embryo. They claim that 
the pattern of nuclear localization is significant for two reasons: (1) 
when nuclear localization of beta-catenin was inhibited, gastrulation does 
not occur, and (2) when localization of beta-catenin took place in all 
cells of the pregastrula embryo, the number of entodermal cells increases. 
Since the Wnt/beta-catenin signaling pathway also plays a role in 
establishing axial polarity and specifying endoderm and mesoderm in a 



COST IN U.S. DOLLARS 



FULL ESTIMATED COST 



SINCE FILE 
ENTRY 
0.21 



TOTAL 
SESSION 
0.21 



number of bilaterians, Wikramanayake et al . imply that this developmental 
mechanism is an evolutionary inheritance from a radially symmetrical 
ancestor. Some of the gaps in the current evidence, which must be filled 
to evaluate their interpretation, are discussed. 
Copyright 2004 Wiley Periodicals, Inc. 
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Wnt/beta-catenin signaling in the evolution of metazoan 
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Section of Integrative Biology, University of Texas, 
Austin, TX 78712, USA.. primus_alexander@mail . utexas . edu 
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EST analysis of the cnidarian Acropora millepora reveals 
extensive gene loss and rapid sequence divergence in the model 
invertebrates . 

A significant proportion of mammalian genes are not represented in the 
genomes of Drosophila, Caenorhabditis or Saccharomyces , and many of these 
are assumed to have been vertebrate innovations. To test this assumption, 
we conducted a preliminary EST project on the anthozoan 
cnidarian, Acropora millepora, a basal metazoan. More than 10% of 
the Acropora ESTs with strong metazoan matches to the databases had clear 
human homologs but were not represented in the Drosophila or 
Caenorhabditis genomes; this category includes a surprising diversity of 
transcription factors and metabolic proteins that were previously assumed 
to be restricted to vertebrates. Consistent with higher rates of 
divergence in the model invertebrates, three-way comparisons show that 
most Acropora ESTs match human sequences much more strongly than they do 
any Drosophila or Caenorhabditis sequence. Gene loss has thus been much 
more extensive in the model invertebrate lineages than previously assumed 
and, as a consequence, some genes formerly thought to be vertebrate 
inventions must have been present in the common metazoan ancestor. The 
complexity of the Acropora genome is paradoxical, given that this organism 
contains apparently few tissue types and the simplest extant nervous 
system consisting of a morphologically homogeneous nerve net. 
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Comment in: Curr Biol. 2004 Feb 3 ; 14 (3) :R106-8 . PubMed ID: 
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TI Hox and paraHox genes from the anthozoan Parazoanthus 
parasiticus . 

AB We surveyed the genome of the Caribbean zoanthid Parazoanthus parasiticus 
for Hox and paraHox genes, and examined gene expression patterns for 
sequences we uncovered. Two Hox genes and three paraHox genes were 
identified in our surveys. The Hox genes belong to anterior and posterior 
classes. In phylogenetic analyses, the anterior Hox sequence formed an 
anthozoan-specif ic cluster that appears to be a second class of 
cnidarian anterior Hox gene. The presence of an anterior Gsx-like 
paraHox gene supports the hypothesis that duplication of a protoHox gene 
family preceded the divergence of the Cnidaria and bilaterians. The 
presence of two Mox class paraHox genes in P. parasiticus deserves further 
attention. Expression analysis using RT-PCR, indicated that one Mox gene 
and the anterior paraHox gene are not expressed in adult tissue, whereas 
the other three sequences are expressed in both dividing and unitary 
polyps. Dividing polyps showed slightly lower Ppoxl (i.e., Mox) 
expression levels. Our data add to the number of published 
anthozoan sequences, and provide additional detail concerning the 
evolutionary significance of cnidarian Hox and paraHox genes. 
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TI The ancestral role of Brachyury: expression of NemBral in the basal 
cnidarian Nematostella vectensis (Anthozoa) . 

AB The T-Box transcription factor Brachyury plays important roles in the 
development of all bilateral animals examined so far. In order to 
understand the ancestral function of Brachyury we cloned NemBral, a 
Brachyury homolog from the anthozoan sea anemone Nematostella 
vectensis. Anthozoa are considered the basal group among the Cnidaria. 
First NemBral expression could be detected at the blastula/gastrula 
transition and gene activity persists until adulthood of the animals. In 
situ hybridization shows that NemBral expression in gastrulae and early 
planula larvae is restricted to a circle around the blastopore. When the 
larvae begin to metamorphose into primary polyps, the expression zone 
extends into the developing mesenteries . In adult polyps Brachyury 
expression persists in the mesenteries, but is excluded from the septal 
filament and the differentiated retractor muscles, which also develop from 
the mesenteries. We conclude that the ancestral function of Brachyury was 
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TI Precambrian animal life: probable developmental and adult 
cnidarian forms from Southwest China. 

AB The evolutionary divergence of cnidarian and bilaterian lineages 

from their remote metazoan ancestor occurred at an unknown depth in time 
before the Cambrian, since crown group representatives of each are found 
in Lower Cambrian fossil assemblages. We report here a variety of 
putative embryonic, larval, and adult microfossils deriving from 
Precambrian phosphorite deposits of Southwest China, which may predate the 
Cambrian radiation by 25-45 million years. These are most probably of 
cnidarian affinity. Large numbers of fossilized early 
planula-like larvae were observed under the microscope in sections. 
Though several forms are represented, the majority display remarkable 
conformity, which is inconsistent with the alternative that they are 
artif actual mineral inclusions. Some of these fossils are preserved in 
such high resolution that individual cells can be discerned. We confirm 
in detail an earlier report of the presence in the same deposits of 
tabulates, an extinct crown group anthozoan form. Other 
sections reveal structures that most closely resemble sections of basal 
modern corals. A large number of fossils similar to modern hydrozoan 
gastrulae were also observed. These again displayed great morphological 
consistency. Though only a single example is available, a microscopic 
animal remarkably similar to a modern adult hydrozoan is also presented. 
Taken together, the new observations reported in this paper indicate the 
existence of a diverse and already differentiated cnidarian 
fauna, long before the Cambrian evolutionary event. It follows that at 
least stem group bilaterians must also have been present at this time. 
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TI The evolution of nuclear receptors: evidence from the coral Acropora. 
AB We have amplified and sequenced PCR products derived from 10 nuclear 
receptor (NR) genes from the anthozoan cnidarian 

Acropora millepora, including five products corresponding to genes not 
previously reported from the phylum Cnidaria. cDNAs corresponding to seven 
of these products were sequenced and at least three encode full-length 
proteins, increasing the number of complete cnidarian NR coding 
sequences from one to four. All clear orthologs of Acropora NRs either 
lack an activation domain or lack a known ligand, consistent with the idea 
that the ancestral nuclear receptor was without a ligand. Phylogenetic 
analyses indicate that most, and possibly all, presently identified 
cnidarian NRs are members of NR subfamily 2, suggesting that the 
common ancestor of all known nuclear receptors most resembled members of 
this subfamily. 

Copyright 2001 Academic Press. 
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L3 ANSWER 7 OF 81 MEDLINE on STN 

TI Gene structure and larval expression of cnox-2Am from the coral Acropora 
millepora . 

AB We have cloned a Hox-like gene, cnox-2Am, from a staghorn coral, Acropora 
millepora, an anthozoan cnidarian, and characterised 

its embryonic and larval expression. cnox-2Am and its orthologs in other 
cnidarians and Trichoplax most closely resemble the Gsx and, to a lesser 
extent, Hox 3/4 proteins. Developmental northern blots and in situ 
hybridisation are consistent in showing that cnox-2Am message appears in 
the planula larva shortly after the oral/aboral axis is formed following 
gastrulation. Expression is localised in scattered ectodermal cells with 
a restricted distribution along the oral/aboral body axis. They are most 
abundant along the sides of the cylindrical larva, rare in the oral region 
and absent from the aboral region. These cells, which on morphological 
grounds we believe to be neurons, are of two types; one tri-or multipolar 
near the basement membrane and a second extending projections in both 
directions from a mid-ectodermal nucleus. Anti-RFamide staining reveals 
neurons with a similar morphology to the cnox-2Am- expressing cells. 
However, RFamide -expressing neurons are more abundant, especially at the 
aboral end of the planula, where there is no cnox-2Am expression. The 
pattern of expression of cnox-2Am resembles that of Gsx orthologs in 
Drosophila and vertebrates in being expressed in a spatially restricted 
portion of the nervous system. 
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Pax gene diversity in the basal cnidarian Acropora millepora 
(Cnidaria, Anthozoa) : implications for the evolution of the Pax gene 
family. 

Pax genes encode a family of transcription factors, many of which play key 
roles in animal embryonic development but whose evolutionary relationships 
and ancestral functions are unclear. To address these issues, we are 
characterizing the Pax gene complement of the coral Acropora millepora, an 
anthozoan cnidarian. As the simplest animals at the 

tissue level of organization, cnidarians occupy a key position in animal 
evolution, and the Anthozoa are the basal class within this diverse 
phylum. We have identified four Pax genes in Acropora: two (Pax-Aam and 
Pax-Bam) are orthologs of genes identified in other cnidarians; the others 
(Pax-Cam and Pax-Dam) are unique to Acropora. Pax-Aam may be orthologous 
with Drosophila Pox neuro, and Pax-Bam clearly belongs to the Pax-2/5/8 
class. The Pax-Bam Paired domain binds specifically and preferentially to 
Pax-2/5/8 binding sites. The recently identified Acropora gene Pax-Dam 
belongs to the Pax-3/7 class. Clearly, substantial diversification of the 
Pax family occurred before the Cnidaria/higher Metazoa split. The fourth 
Acropora Pax gene, Pax- Cam, may correspond to the ancestral vertebrate Pax 
gene and most closely resembles Pax-6. The expression pattern of Pax-Cam, 
in putative neurons, is consistent with an ancestral role of the Pax 
family in neural differentiation and patterning. We have determined the 
genomic structure of each Acropora Pax gene and show that some splice 
sites are shared both between the coral genes and between these and Pax 
genes in triploblastic metazoans . Together, these data support the 
monophyly of the Pax family and indicate ancient origins of several 
introns . 
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Department of Biochemistry and Molecular Biology, James 
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Proceedings of the National Academy of Sciences of the 
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Precambrian animal diversity: putative phosphatized embryos from the 
Doushantuo Formation of China. 

Putative fossil embryos and larvae from the Precambrian phosphorite rocks 
of the Doushantuo Formation in Southwest China have been examined in thin 
section by bright field and polarized light microscopy. Although we 
cannot completely exclude a nonbiological or nonmetazoan origin, we 
identified what appear to be modern cnidarian developmental 
stages, including both anthozoan planula larvae and hydrozoan 
embryos. Most importantly, the sections contain a variety of small 
(</=200 microm) structures that greatly resemble gastrula stage embryos of 
modern bilaterian forms. 
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TI Scyphozoan jellyfish's mesoglea supports attachment, spreading and 
migration of anthozoans 1 cells in vitro. 

AB Mechanically and enzymatically dissociated cells from five 

anthozoan species were laid on seven substrates in vitro. Cells 
were taken from two sea anemones (Aiptasia sp . and Anemonia sulcata), a 
scleractinian coral (Stylophora pistillata) and two alcyonacean corals 
(Heteroxenia fuscescence and Nephthea sp) . Substrates tested: glass 
(coverslips) , plastic (uncoated tissue culture plates) , type IV collagen, 
gelatin, fibronectin, mesoglea pieces from the scyphozoan jellyfish 
Rhopilema nomadica and acetic acid extract of jellyfish mesoglea. Except 
for the mesoglea pieces, cells did not respond to any one of the other 
substrates, retaining their rounded shape. Following contact with 
mesoglea pieces, cells attached and spread. Subsequently they migrated 
into the mesogleal matrix at a rate of 5-10 microm/h during the first 2-5 
h. No difference was found between the behavior of cells from the five 
different cnidarian species. 
Copyright 1999 Academic Press. 
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TI Kindling fluorescent proteins and methods for their use 

AB Kindling fluorescent protein compositions and nucleic acids encoding the 

same, as well as methods for using the same, are provided. The kindling 
fluorescent proteins are characterized in that they become brightly 
fluorescent proteins, from an initial non- fluorescent or low fluorescent 
state, upon exposure to a kindling stimulus, which fluorescent state may 
be reversible or irreversible. The subject protein/nucleic acid 
compositions find use in labeling protocols, e.g., in labeling proteins, 
organelles, cells and organisms, etc., in a variety of different types 
of applications. Also provided are systems and kits for use in 
practicing such applications. 
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TI Non aggregating fluorescent proteins and methods for using the same 

AB Nucleic acid compositions encoding non -aggregating chromo/f luoroproteins 

and mutants thereof, as well as the proteins encoded by the same, are 
provided. The proteins of interest are polypeptides that are 
non- aggregating colored and/or fluorescent proteins, where the the 
non- aggregating feature arises from the modulation of residues in the 
N-terminus of the protein and the chromo and/or fluorescent feature 
arises from the interaction of two or more residues of the protein. Also 
provided are fragments of the subject nucleic acids and the peptides 
encoded thereby, as well as antibodies to the subject proteins and 
transgenic cells and organisms. The subject protein and nucleic acid 
compositions find use in a variety of different applications. Finally, 
kits for use in such applications, e.g., that include the subject 
nucleic acid compositions, are provided. 
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L5 ANSWER 3 OF 24 USPATFULL on STN 

TI Novel chromophores/f luorophores and methods for using the same 

AB Nucleic acid compositions encoding novel chromo/f luoroproteins and 

mutants thereof, as well as the proteins encoded by the same, are 
provided. The subject proteins of interest are proteins that are colored 
and/or fluorescent, where this feature arises from the interaction of 
two or more residues of the protein. The subject proteins are further 
characterized in that they are either obtained from non- 
bioluminescent Cnidarian, e.g., Anthozoan, species or 

are obtained from non-Pennatulacean (sea pen) species. Specific proteins 



of interest include proteins obtained from the following specific 
Anthozoan species: Anemonia majano (NFP-1) , Clavularia sp . (NFP-2) , 
Zoanthus sp. (NFP-3 & NFP-4) , Discosoma striata (NFP-5) , Discosoma sp. 
"red" (NFP-6) , Anemonia sulcata (NFP-7) , Discosoma sp "green" (NFP-8) , 
and Discosoma sp. "magenta" (NFP-9) . Also of interest are proteins that 
are substantially similar to, or mutants of, the above specific 
proteins. Also provided are fragments of the nucleic acids and the 
peptides encoded thereby, as well as antibodies to the subject proteins 
and transgenic cells and organisms. The subject protein and nucleic acid 
compositions find use in a variety of different applications. Finally, 
kits for use in such applications, e.g., that include the subject 
nucleic acid compositions, are provided. 
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L5 ANSWER 4 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34496 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild- type asCP sequence (ADH344 87) shown in Fig 1 
and the information provided on page 43. 
ACCESSION NUMBER: ADH344 96 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 
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TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34504 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp . red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42 . 
ACCESSION NUMBER: ADH34504 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 
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Novel nucleic acid encoding interconverted mutant of chromo-or 
fluorescent protein which are useful as biosensors, coloring agents. 



AN ADH345 01 protein DGENE 

AB The invention relates to interconverted mutants of chromop rote ins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp. red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42. 
ACCESSION NUMBER : ADH34501 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 
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LANGUAGE : Engl i sh 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp . DsRed mutant S148A/K167M. 
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TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH344 91 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 



fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 2 03; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild- type asCP sequence (ADH344 87) shown in Fig 1 
and the information provided on page 42. 
ACCESSION NUMBER: ADH344 91 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 
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DESCRIPTION: Anemonia sulcata asCP mutant S165V. 
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TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34502 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 



bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp. red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42. 
ACCESSION NUMBER: ADH34502 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 
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DESCRIPTION: Discosoma sp . DsRed mutant S148A/K167M/S2 03A. 

L5 ANSWER 9 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH344 94 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 



although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type asCP sequence (ADH34487) shown in Fig 1 
and the information provided on page 43. 
ACCESSION NUMBER: ADH344 94 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Anemonia sulcata asCP mutant H176R/K219I. 



L5 ANSWER 10 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34503 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 



positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp . red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42 . 
ACCESSION NUMBER: ADH34503 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp . DsRed mutant S148A/I165S/S203A. 



L5 ANSWER 11 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH344 97 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 14 8, 165, 167 and 2 03; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 



types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromop rote ins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms)', and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type asCP sequence (ADH34487) shown in Fig 1 
and the information provided on page 43 . 
ACCESSION NUMBER: ADH344 97 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE : Eng 1 i s h 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Anemonia sulcata asCP mutant Q220L. 



L5 ANSWER 12 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH344 92 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 2 03; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 



chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type asCP sequence (ADH34487) shown in Fig 1 
and the information provided on page 43. 
ACCESSION NUMBER: ADH34492 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Anemonia sulcata asCP mutant S68G. 



L5 ANSWER 13 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34500 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 



chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp. red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42. 
ACCESSION NUMBER: ADH34500 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002 -US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp . DsRed mutant S148A/S203A. 



L5 ANSWER 14 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34505 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species . The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 



vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms), and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp . red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42. 
ACCESSION NUMBER: ADH34505 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp. DsRed mutant S148C/I165N/S203A. 



L5 ANSWER 15 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34499 protein DGENE 

AB The invention relates to interconverted mutants of chromop rote ins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 



chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp. red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type DsRed sequence (ADH34489) shown in Fig 1 
and the information provided on page 42 . 
ACCESSION NUMBER: ADH344 99 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp. DsRed mutant S2 03A. 



L5 ANSWER 16 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34498 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 



interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a Discosoma sp . red 
fluorescent protein DsRed mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild- type DsRed sequence (ADH344 89) shown in Fig 1 
and the information provided on page 42 . 
ACCESSION NUMBER: ADH34498 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE : Engl i sh 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp . DsRed mutant S148A. 



L5 ANSWER 17 OF 24 DGENE COPYRIGHT 2004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34490 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203/ numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 



having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type asCP sequence (ADH34487) shown in Fig 1 
and the information provided on page 42. 
ACCESSION NUMBER: ADH344 90 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE : Eng 1 i s h 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Anemonia sulcata asCP mutant A14 8S. 



L5 ANSWER 18 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34489 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 



living organisms . Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a wild- type red fluorescent 
protein, DsRed, from Discosoma sp. that was used as a parent sequence for 
the generation of mutant proteins in an example of the invention. 
ACCESSION NUMBER: ADH344 89 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Discosoma sp . red fluorescent protein DsRed (wild-type) . 



L5 ANSWER 19 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH344 8 8 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 



selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents green fluorescent protein 
(GFP) from the jellyfish Aequorea victoria. 
ACCESSION NUMBER: ADH34488 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E ; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002 -US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE : Engl i sh 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Aequorea victoria green fluorescent protein (GFP) . 



L5 ANSWER 2 0 OF 24 DGENE COPYRIGHT 20 04 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34506 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green fluorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 



animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a non- fluorescent Discosoma 
sp. red fluorescent protein DsRed mutant, DsRed-NF, which has 
chromoprotein activity and which was generated in an example of 
the invention. The present sequence is not shown in the specification, 
but was derived from the wild- type DsRed sequence (ADH34489) shown in 
Fig 1 and the information provided on page 42. 
ACCESSION NUMBER: ADH34506 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 
Bulina M E; Chudakov D; Lukyanov K A 
(CLON-N) CLONTECH LAB INC. 

WO 2003057833 A2 20030717 56p 
WO 2002-US41418 20021223 
US 2001-343128P 20011226 
Patent 
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Discosoma sp. DsRed mutant DsRed-NF S148C/I165N/K167M/S203A. 
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L5 ANSWER 21 OF 24 DGENE COPYRIGHT 2004 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34487 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful. as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms), and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 



sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents a wild- type purple 
chromoprotein, asCP, from the snake -locks sea anemone Anemonia 
sulcata that was used as a parent sequence for the generation of mutant 
proteins in an example of the invention. 

ADH34487 protein DGENE 

Novel nucleic acid encoding interconverted mutant of 
chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 
Bulina M E; Chudakov D; Lukyanov K A 
(CLON-N) CLONTECH LAB INC. 

2003057833 A2 20030717 56p 
20021223 
20011226 
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WO 

WO 2002-US41418 
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Patent 
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2003-607998 [57] 

Anemonia sulcata purple chromoprotein asCP 
(wild-type) . 



L5 ANSWER 22 OF 24 DGENE COPYRIGHT 2 0 04 THOMSON DERWENT on STN 
TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH34495 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 



with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 
green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild-type asCP sequence (ADH34487) shown in Fig 1 
and the information provided on page 43 . 
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INVENTOR : 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
DESCRIPTION: 



ADH34495 protein DGENE 

Novel nucleic acid encoding interconverted mutant of 
chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 
Bulina M E; Chudakov D; Lukyanov K A 
(CLON-N) CLONTECH LAB INC. 
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WO 2002-US41418 20021223 

US 2001-343128P ' 20011226 

Patent 

English 

2003-607998 [57] 

Anemonia sulcata asCP mutant H2 03R. 



L5 ANSWER 23 OF 24 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 

TI Novel nucleic acid encoding interconverted mutant of chromo-or 

fluorescent protein which are useful as biosensors, coloring agents. 
AN ADH344 93 protein DGENE 

AB The invention relates to interconverted mutants of chromoproteins (CP) or 
fluorescent proteins (FP) and nucleic acids encoding them. The mutant is 
derived from a Cnidnarian species, preferably a non- 
bioluminescent Cnidarian species, and most preferably 
an Anthozoan species. The invention is based on the finding that 
although green f luorecent protein (GFP) -like chromoproteins and 
fluorescent proteins exhibit some degree of homology, there are certain 
positions (referred to as 148, 165, 167 and 203; numbering corresponds 
to GFP) that are occupied by noticeably different residues in the two 
types of proteins. Mutagenesis of the residues in these key positions 
in, for example, a fluorescent protein, to those found in a 
chromoprotein is therefore proposed to confer 

chromoprotein activity on the fluorescent protein mutant, with 
chromoproteins being able to be converted into fluorescent proteins in a 
similar manner. The invention also relates to expression constructs, 
vectors, host cells and host cell progeny comprising a nucleic acid of 
the invention; the recombinant production of an interconverted 
chromoprotein or fluorescent protein mutant; and antibodies 
specific for interconverted mutant proteins of the invention. The 
interconverted mutants are useful in any application that employs a 
chromoprotein or fluorescent protein. Fluorecent protein mutants 
having chromoprotein activity can useful as colouring agents 
in, for example, food compositions, pharmaceuticals, cosmetics and 
living organisms. Proteins with chromoprotein activity are 
also useful as labels in biological analyte detection assays, as 
selectable markers in recombinant DNA applications (e.g. the production 
of transgenic cells and organisms) , and are also useful as sunscreens and 
selective filters. Chromoprotein mutants having fluorecent 
protein activity useful in fluorescence resonance energy transfer (FRET) 
applications, as biosensors in prokaryotic and eukaryotic cells, as 
markers of whole cells to detect changes in multicellular reorganisation 
and migration, as second messenger detectors, as in vivo markers in 
animals (e.g., transgenic animals), in fluorescence activated cell 
sorting applications, in protease cleavage assays, and in assays to 
determine the phospholipid composition in biological membranes. Proteins 
with fluorescent protein activity can also be used as fluorescent 
timers, where the switch of one fluorescent colour to another (e.g., 



green to red) is concomitant with the ageing of the protein and is 
useful for determination of the activation or deactivation of gene 
expression. The present sequence represents an Anemonia sulcata purple 
chromoprotein asCP mutant generated in an example of the 
invention. The present sequence is not shown in the specification, but 
was derived from the wild- type asCP sequence (ADH34487) shown in Fig 1 
and the information provided on page 43. 
ACCESSION NUMBER: ADH34493 protein DGENE 

TITLE: Novel nucleic acid encoding interconverted mutant of 

chromo-or fluorescent protein which are useful as 
biosensors, coloring agents. 

INVENTOR: Bulina M E; Chudakov D; Lukyanov K A 

PATENT ASSIGNEE: (CLON-N) CLONTECH LAB INC. 

PATENT INFO: WO 2003057833 A2 20030717 56p 

APPLICATION INFO: WO 2002-US41418 20021223 

PRIORITY INFO: US 2001-343128P 20011226 

DOCUMENT TYPE: Patent 

LANGUAGE : Engl i sh 

OTHER SOURCE: 2003-607998 [57] 

DESCRIPTION: Anemonia sulcata asCP mutant I72N. 



L5 ANSWER 24 OF 24 WPIDS COPYRIGHT 2 004 THOMSON DERWENT on STN 

TI Novel nucleic acid encoding interconverted mutant of chromo-or fluorescent 
protein which are useful as biosensors, coloring agents. 

AN 2003-607998 [57] WPIDS 

AB WO2003057833 A UPAB : 20030906 

NOVELTY - Nucleic acid encoding an interconverted mutant (I) of a chromo- 
or fluorescent protein, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) a fragment of a nucleic acid encoding (I) ; 

(2) a construct comprising a vector and a nucleic acid encoding (I); 

(3) an expression cassette (II) comprises, a transcriptional 
initiation region that is functional in an expression host, a nucleic acid 
encoding (I) and a transcriptional termination region functional in the 
expression host; 

(4) a cell or its progeny comprising (II) , as part of an 
extrachromosomal element or integrated into the genome of a host cell as a 
result of introduction of (II) into the host cell; 

(5) producing a chromo and/or fluorescent protein, comprises, growing 
the cell where protein is expressed and isolating the protein 
substantially free of other proteins; 

(6) a protein (III) or its fragment encoded by the nucleic acid 
encoding (I) and an antibody binding specifically to the (III) ; 

(7) transgenic cell or its progeny comprises a transgene which is a 
nucleic acid encoding (I) ; 

(8) a kit comprising a nucleic acid encoding (I) ; 

(9) preparation (Ml) of nucleic acid encoding (I) ; and 

(10) a nucleic acid produced by (Ml) . 

USE - Nucleic acid encoding (I) is useful in any application that 
employs a chromo- or fluorescent protein. (Ill) is useful in any 
application that employs a chromo- or fluorescent protein (claimed) . 
Nucleic acid encoding (I) is useful in the generation of transgenic, 
non-human plants or animals or site specific gene modification in cell 
lines. Chromoprotein encoded by the nucleic acid is useful as 
coloring agents which are capable of imparting color or pigment to a 
particular composition of matter e.g. food compositions, pharmaceuticals, 
cosmetics, living organisms, etc. The chromoprotein is also 
useful as labels in biological analyte detection assays and as selectable 
markers in recombinant DNA applications (e.g. the production of transgenic 
cells and organisms) and is also useful as sunscreens, selective filters, 
etc. The fluorescent protein encoded by the nucleic acid, is useful in 
fluorescence resonance energy transfer (FRET) applications and also useful 
as biosensors in prokaryotic and eukaryotic cells e.g. as Ca2+ ion 
indicator and as marker of whole cells to detect changes in multicellular 



reorganization and migration. The fluorescent proteins are also useful as 
second messenger detector, e.g. by fusing the subject proteins to specific 
domains (Protein Kinase C gamma calcium binding domain) and as in vivo 
marker in animals (e.g. transgenic animals). The fluorescent proteins are 
also useful in fluorescence activated cell sorting application, in 
protease cleavage assays and in assays to determine the phospholipid 
composition in biological membranes. The fluorescent protein is a 
fluorescent timer, where the switch of one fluorescent color to another 
(e.g. green to red) concomitant with the aging of fluorescent protein, is 
used to determine the activation or deactivation of gene expression. 

DESCRIPTION OF DRAWING (S) - The figure shows the normalized spectra 
for selected mutants of asCP and DsRed. 
Dwg.3/3 
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L7 ANSWER 1 OF 3 US PAT FULL on STN 

TI Non aggregating fluorescent proteins and methods for using the same 

AB Nucleic acid compositions encoding non- aggregating chromo/f luoroproteins 



and mutants thereof, as well as the proteins encoded by the same, are 
provided. The proteins of interest are polypeptides that are 
non-aggregating colored and/or fluorescent proteins, where the the 
non-aggregating feature arises from the modulation of residues in the 
N- terminus of the protein and the chromo and/or fluorescent feature 
arises from the interaction of two or more residues of the protein. Also 
provided are fragments of the subject nucleic acids and the peptides 
encoded thereby, as well as antibodies to the subject proteins and 
transgenic cells and organisms. The subject protein and nucleic acid 
compositions find use in a variety of different applications. Finally, 
kits for use in such applications, e.g., that include the subject 
nucleic acid compositions, are provided. 
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L7 ANSWER 2 OF 3 BIOSIS COPYRIGHT (c) 2004 The Thomson Corporation. on STN 
TI A novel group IIA phospholipase A2 interacts with v-Src oncoprotein from 

RSV- trans formed hamster cells. 
AB We have isolated a novel isof orm of phospholipase A2 . This enzyme was 

designated srPLA2 because it was discovered while analyzing the proteins 
interacting with different forms of the v-Src oncoproteins isolated from 
Rous sarcoma virus -transformed hamster cells. It contains all the 
functional regions of the PLA2 group IIA proteins but differs at its 
C-terminal end where there is an additional stretch of 8 amino acids. The 
SrPLA2 isof orm was detected as a 17-kDa precursor in cells and as a mature 
14-kDa form secreted in culture medium. A direct interaction of the 
17-kDa precursor with the Src protein was observed in lysates of 
transformed cells. Both the 17- and 14-kDa forms were found to be 
phosphorylated on tyrosine. To our knowledge, this is the first report of 
a PLA2 group II protein that is tyrosine phosphorylated. We surmise that 
srPLA2 interacts with the Src protein at the cell membrane during the 
process of its maturation. 
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L7 ANSWER 3 OF 3 BIOSIS COPYRIGHT (c) 2004 The Thomson Corporation. on STN 
TI C-terminal end of v-src protein interacts with peptide coded by 

gadd7/adaptl5-like RNA in two-hybrid system. 
AB The significant differences in the metastatic properties of hamster 

fibroblasts transformed by the Rous sarcoma virus (RSV) were associated 
with mutations in the v-src carboxy- terminal region. To identify the 
capacity of this region for protein-protein interaction the two-hybrid 
system was used. The cDNA clone (vseapl) , producing the protein 



SOURCE : 



specifically bound with the v-src C-terminal part in yeast cells in vivo 
and in GST-fusion system in vitro was isolated. Vseapl shared 68% of 
homology with stressful agents induced RNA-gadd7 /adapt 15 . Two vseapl 
specific messenger RNAs were identified: 0.9-kbp RNA expressed in all 
transformed cells and three times less in embryo fibroblasts; 3 % l-kbp 
transcript was deleted in the cells with suppressed v-src activity and 
H202 resistance. 
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L2 6 ANSWER 1 OF 14 MEDLINE on STN 

TI The cnidarian and the canon: the role of Wnt/beta-catenin 
signaling in the evolution of metazoan embryos. 

AB In a recent publication, Wikramanayake and colleagues have implicated the 
canonical Wnt/beta-catenin signaling pathway as a mediator of axial 
polarity and germ- layer specification in embryos of the cnidarian 
Nematostella. In this anthozoan, beta-catenin is localized in 
nuclei of blastomeres in one region of the 16- to 32 -cell embryo whose 
descendants subsequently form the entoderm of the embryo. They claim that 
the pattern of nuclear localization is significant for two reasons: (1) 
when nuclear localization of beta-catenin was inhibited, gastrulation does 
not occur, and (2) when localization of beta-catenin took place in all 
cells of the pregastrula embryo, the number of entodermal cells increases. 
Since the Wnt/beta-catenin signaling pathway also plays a role in 
establishing axial polarity and specifying endoderm and mesoderm in a 
number of bilaterians, Wikramanayake et al . imply that this developmental 
mechanism is an evolutionary inheritance from a radially symmetrical 
ancestor. Some of the gaps in the current evidence, which must be filled 
to evaluate their interpretation, are discussed. 
Copyright 2004 Wiley Periodicals, Inc. 
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L26 ANSWER 2 OF 14 MEDLINE on STN 

TI EST analysis of the cnidarian Acropora millepora reveals 

extensive gene loss and rapid sequence divergence in the model 
invertebrates . 

AB A significant proportion of mammalian genes are not represented in the 

genomes of Drosophila, Caenorhabditis or Saccharomyces , and many of these 
are assumed to have been vertebrate innovations. To test this assumption, 
we conducted a preliminary EST project on the anthozoan 
cnidarian, Acropora millepora, a basal metazoan. More than 10% of 
the Acropora ESTs with strong metazoan matches to the databases had clear 
human homologs but were not represented in the Drosophila or 
Caenorhabditis genomes; this category includes a surprising diversity of 
transcription factors and metabolic proteins that were previously assumed 
to be restricted to vertebrates. Consistent with higher rates of 
divergence in the model invertebrates, three-way comparisons show that 
most Acropora ESTs match human sequences much more strongly than they do 
any Drosophila or Caenorhabditis sequence. Gene loss has thus been much 
more extensive in the model invertebrate lineages than previously assumed 
and, as a consequence, some genes formerly thought to be vertebrate 
inventions must have been present in the common metazoan ancestor. The 
complexity of the Acropora genome is paradoxical, given that this organism 
contains apparently few tissue types and the simplest extant nervous 
system consisting of a morphologically homogeneous nerve net. 
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L26 ANSWER 3 OF 14 MEDLINE on STN 

TI Hox and paraHox genes from the anthozoan Parazoanthus 
parasiticus . 

AB We surveyed the genome of the Caribbean zoanthid Parazoanthus parasiticus 
for Hox and paraHox genes, and examined gene expression patterns for 
sequences we uncovered. Two Hox genes and three paraHox genes were 
identified in our surveys. The Hox genes belong to anterior and posterior 
classes. In phylogenetic analyses, the anterior Hox sequence formed an 
anthozoan- specif ic cluster that appears to be a second class of 
cnidarian anterior Hox gene. The presence of an anterior Gsx-like 
paraHox gene supports the hypothesis that duplication of a protoHox gene 
family preceded the divergence of the Cnidaria and bilaterians. The 
presence of two Mox class paraHox genes in P. parasiticus deserves further 
attention. Expression analysis using RT-PCR, indicated that one Mox gene 
and the anterior paraHox gene are not expressed in adult tissue, whereas 
the other three sequences are expressed in both dividing and unitary 



polyps. Dividing polyps showed slightly lower Ppoxl (i.e., Mox) 
expression levels. Our data add to the number of published 
anthozoan sequences, and provide additional detail concerning the 
evolutionary significance of cnidarian Hox and paraHox genes. 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 

AUTHOR : 

CORPORATE SOURCE: 
SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



2003391565 MEDLINE 
PubMed ID: 12927136 

Hox and paraHox genes from the anthozoan 

Parazoanthus parasiticus. 

Hill April/ Wagner Aimee; Hill Malcolm 

Biology Department, Fairfield University, Fairfield, CT 
06430, USA. . ahill@fairl.fairfield.edu 

Molecular phylogenetics and evolution, (2003 Sep) 28 (3) 
529-35. 

Journal code: 9304400. ISSN: 1055-7903. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200404 

Entered STN: 20030821 

Last Updated on STN: 20040407 

Entered Medline: 20040406 



L2 6 ANSWER 4 OF 14 MEDLINE on STN 

Tl The ancestral role of Brachyury: expression of NemBral in the basal 
cnidarian Nematostella vectensis (Anthozoa) . 

AB The T-Box transcription factor Brachyury plays important roles in the 
development of all bilateral animals examined so far. In order to 
understand the ancestral function of Brachyury we cloned NemBral, a 
Brachyury homolog from the anthozoan sea anemone Nematostella 
vectensis. Anthozoa are considered the basal group among the Cnidaria. 
First NemBral expression could be detected at the blastula/gastrula 
transition and gene activity persists until adulthood of the animals. In 
situ hybridization shows that NemBral expression in gastrulae and early 
planula larvae is restricted to a circle around the blastopore. When the 
larvae begin to metamorphose into primary polyps, the expression zone 
extends into the developing mesenteries . In adult polyps Brachyury 
expression persists in the mesenteries, but is excluded from the septal 
filament and the differentiated retractor muscles, which also develop from 
the mesenteries. We conclude that the ancestral function of Brachyury was 
in specifying the blastopore and its endodermal derivatives. 
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TI Precambrian animal life: probable developmental and adult 



cnidarian forms from Southwest China. 

AB The evolutionary divergence of cnidarian and bilaterian lineages 

from their remote metazoan ancestor occurred at an unknown depth in time 
before the Cambrian, since crown group representatives of each are found 
in Lower Cambrian fossil assemblages. We report here a variety of 
putative embryonic, larval, and adult microfossils deriving from 
Precambrian phosphorite deposits of Southwest China, which may predate the 
Cambrian radiation by 25-45 million years. These are most probably of 
cnidarian affinity. Large numbers of fossilized early 
planula-like larvae were observed under the microscope in sections. 
Though several forms are represented, the majority display remarkable 
conformity, which is inconsistent with the alternative that they are 
artif actual mineral inclusions. Some of these fossils are preserved in 
such high resolution that individual cells can be discerned. We confirm 
in detail an earlier report of the presence in the same deposits of 
tabulates, an extinct crown group anthozoan form. Other 
sections reveal structures that most closely resemble sections of basal 
modern corals. A large number of fossils similar to modern hydrozoan 
gastrulae were also observed. These again displayed great morphological 
consistency. Though only a single example is available, a microscopic 
animal remarkably similar to a modern adult hydrozoan is also presented. 
Taken together, the new observations reported in this paper indicate the 
existence of a diverse and already differentiated cnidarian 
fauna, long before the Cambrian evolutionary event. It follows that at 
least stem group bilaterians must also have been present at this time. 
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TI The evolution of nuclear receptors: evidence from the coral Acropora. 
AB We have amplified and sequenced PCR products derived from 10 nuclear 
receptor (NR) genes from the anthozoan cnidarian 

Acropora millepora, including five products corresponding to genes not 
previously reported from the phylum Cnidaria. cDNAs corresponding to seven 
of these products were sequenced and at least three encode full-length 
proteins, increasing the number of complete cnidarian NR coding 
sequences from one to four. All clear orthologs of Acropora NRs either 
lack an activation domain or lack a known ligand, consistent with the idea 
that the ancestral nuclear receptor was without a ligand. Phylogenetic 
analyses indicate that most, and possibly all, presently identified 
cnidarian NRs are members of NR subfamily 2, suggesting that the 
common ancestor of all known nuclear receptors most resembled members of 
this subfamily. 
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TI Gene structure and larval expression of cnox-2Am from the coral Acropora 
millepora . 

AB We have cloned a Hox-like gene, cnox-2Am, from a staghorn coral, Acropora 
millepora, an anthozoan cnidarian, and characterised 

its embryonic and larval expression. cnox-2Am and its orthologs in other 
cnidarians and Trichoplax most closely resemble the Gsx and, to a lesser 
extent, Hox 3/4 proteins. Developmental northern blots and in situ 
hybridisation are consistent in showing that cnox-2Am message appears in 
the planula larva shortly after the oral/aboral axis is formed following 
gastrulation. Expression is localised in scattered ectodermal cells with 
a restricted distribution along the oral/aboral body axis. They are most 
abundant along the sides of the cylindrical larva, rare in the oral region 
and absent from the aboral region. These cells, which on morphological 
grounds we believe to be neurons, are of two types; one tri-or multipolar 
near the basement membrane and a second extending projections in both 
directions from a mid-ectodermal nucleus. Anti-RFamide staining reveals 
neurons with a similar morphology to the cnox-2Am- expressing cells. 
However, RFamide -expressing neurons are more abundant, especially at the 
aboral end of the planula, where there is no cnox-2Am expression. The 
pattern of expression of cnox-2Am resembles that of Gsx orthologs in 
Drosophila and vertebrates in being expressed in a spatially restricted 
portion of the nervous system. 
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TI Pax gene diversity in the basal cnidarian Acropora millepora 

(Cnidaria, Anthozoa) : implications for the evolution of the Pax gene 
family. 



AB Pax genes encode a family of transcription factors, many of which play key 
roles in animal embryonic development but whose evolutionary relationships 
and ancestral functions are unclear. To address these issues, we are 
characterizing the Pax gene complement of the coral Acropora millepora, an 
anthozoan cnidarian. As the simplest animals at the 

tissue level of organization, cnidarians occupy a key position in animal 
evolution, and the Anthozoa are the basal class within this diverse 
phylum. We have identified four Pax genes in Acropora: two (Pax-Aam and 
Pax-Bam) are orthologs of genes identified in other cnidarians; the others 
(Pax-Cam and Pax-Dam) are unique to Acropora. Pax-Aam may be orthologous 
with Drosophila Pox neuro, and Pax-Bam clearly belongs to the Pax-2/5/8 
class. The Pax-Bam Paired domain binds specifically and preferentially to 
Pax-2/5/8 binding sites. The recently identified Acropora gene Pax-Dam 
belongs to the Pax-3/7 class. Clearly, substantial diversification of the 
Pax family occurred before the Cnidaria/higher Metazoa split. The fourth 
Acropora Pax gene, Pax- Cam, may correspond to the ancestral vertebrate Pax 
gene and most closely resembles Pax-6. The expression pattern of Pax-Cam, 
in putative neurons, is consistent with an ancestral role of the Pax 
family in neural differentiation and patterning. We have determined the 
genomic structure of each Acropora Pax gene and show that some splice 
sites are shared both between the coral genes and between these and Pax 
genes in triploblastic metazoans . Together, these data support the 
monophyly of the Pax family and indicate ancient origins of several 
introns . 
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TI Precambrian animal diversity: putative phosphatized embryos from the 
Doushantuo Formation of China. 

AB Putative fossil embryos and larvae from the Precambrian phosphorite rocks 
of the Doushantuo Formation in Southwest China have been examined in thin 
section by bright field and polarized light microscopy. Although we 
cannot completely exclude a nonbiological or nonmetazoan origin, we 
identified what appear to be modern cnidarian developmental 
stages, including both anthozoan planula larvae and hydrozoan 
embryos. Most importantly, the sections contain a variety of small 
(</=200 microm) structures that greatly resemble gastrula stage embryos of 
modern bilaterian forms. 
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TI Scyphozoan jellyfish's mesoglea supports attachment, spreading and 
migration of anthozoans 1 cells in vitro. 

AB Mechanically and enzymatically dissociated cells from five 

anthozoan species were laid on seven substrates in vitro. Cells 
were taken from two sea anemones (Aiptasia sp. and Anemonia sulcata) , a 
scleractinian coral (Stylophora pistillata) and two alcyonacean corals 
(Heteroxenia fuscescence and Nephthea sp) . Substrates tested: glass 
(coverslips) , plastic (uncoated tissue culture plates) , type IV collagen, 
gelatin, fibronectin, mesoglea pieces from the scyphozoan jellyfish 
Rhopilema nomadica and acetic acid extract of jellyfish mesoglea. Except 
for the mesoglea pieces, cells did not respond to any one of the other 
substrates, retaining their rounded shape. Following contact with 
mesoglea pieces, cells attached and spread. Subsequently they migrated 
into the mesogleal matrix at a rate of 5-10 microm/h during the first 2-5 
h. No difference was found between the behavior of cells from the five 
different cnidarian species. 
Copyright 1999 Academic Press. 
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TI Melatonin in a primitive metazoan: seasonal changes of levels and 
immunohistochemical visualization in neurons. 

AB Monthly day/night melatonin activity profiles were determined by 
radioimmunoassay over a 13 -month period in the colonial anthozoan 
Renilla kollikeri, and no daily rhythmic oscillation was found. Averaging 
those monthly values yielded a seasonal quantitative rhythm in both 
colonial and non-colonial tissues of this cnidarian, with spring 
and summer levels found to be four to five times higher than autumn and 
winter ones. The annual rise, which occurred in two successive Aprils, 



coincided with the first stages of sexual maturation in R. kollikeri. 
Immunohistochemistry with a melatonin antibody raised in sheep revealed an 
exclusively neuronal distribution of melatonin- immunoreactivity (MEL-IR) 
in the endodermal septal filaments wrapped around gametophores , in 
endodermal walls of the rachis, and in the ectoderm of polyps. The MEL-IR 
ectodermal neurons shared many morphological features with 
serotonin- immunoreactive (5-HT-IR) neurons previously described in this 
animal but showed either weak or absent 5-HT-IR in double-labelling 
experiments. In contrast, MEL-IR and 5-HT-IR were strongly colocalized in 
endodermal neurons. These results indicate that melatonin is not a daily 
photoperiodic messenger but may instead act as a seasonal marker for 
reproduction in this cnidarian. We also provide the first 

evidence of a neuronal localisation of melatonin in an invertebrate, which 
suggests that melatonin may act as a neurotransmitter or neurohormone in 
the least evolved animals endowed with a nervous system. 
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TI Class -level relationships in the phylum Cnidaria: evidence from 
mitochondrial genome structure. 

AB The phylogenetic relationships of the Recent cnidarian classes 

remain one of the classic problems in invertebrate zoology. We survey the 
structure of the mitochondrial genome in representatives of the four 
extant cnidarian classes and in the phylum Ctenophora. We find 
that all anthozoan species tested possess mtDNA in the form of 
circular molecules, whereas all scyphozoan, cubozoan, and hydrozoan 
species tested display mtDNA in the form of linear molecules. Because 
ctenophore and all other known metazoan mtDNA is circular, the shared 
occurrence of linear mtDNA in three of the four cnidarian 
classes suggests a basal position for the Anthozoa within the phylum. 
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TI Serotonin- immunore active neurons in the cnidarian Renilla 
koellikeri . 

AB The cellular localization of 5-hydroxytryptamine (5-HT) was investigated 
in the pennatulid anthozoan Renilla koellikeri by means of 
peroxidase-antiperoxidase-immunohistochemistry with an antiserum against 
5-HT-f ormaldehyde -protein conjugate. In many colonies, strong 
5-HT-immunoreactivity was displayed by the cell bodies and beaded 
processes of relatively small neuronlike elements predominating in the 
outer ectoderm or scattered in the underlying mesoglea. The immunostained 
neurons of the mesoglea were generally bipolar and their relatively short 
processes extended toward myoepithelial cells. In the ectoderm, most 
immunostained neurons appeared pseudounipolar . These cell bodies were 
endowed with a small, superficially directed, conical appendage reaching 
the outer surface of the epithelium. Their neurites emerged from the 
inner pole of the perikarya and branched toward other immunopositive 
ectodermal and mesogleal nerve cells, or nematocytes in the tentacles. 
The networklike distribution of the presumed 5-HT ectodermal neurons 
varied between the different regions of colonies and along the autozooid 
column. In the context of earlier observations in cnidarians, these 
cytological features suggest a sensory as well as a modulatory function 
for 5-HT in Renilla koellikeri. 
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TI Find structural aspects of anthozoan desmocyte development 
(phylum Cnidaria) . 

AB The fine structural changes associated with the differentiation of 

skeletogenic cells into cells specialized in binding soft tissues onto 
skeletal structures are described in the gorgonian coral, Leptogorgia 
virgulata (Lam.). These binding cells are called desmocytes. The 
sequence of events in desmocyte development includes: growth of the plasma 
membrane, invagination of the mesoglea -end of the cell, expansion of the 
axis -end of the cell, loss of organelles involved in skeletogenesis , 
proliferation of double vesicles and transformation of double vesicles 
into cytoskeletal rods. Double vesicles appear either cup-shaped or as a 
vesicle within a vesicle in sectioned material. These observations of 
desmocyte development are compared to previous light microscopical 
observations desmocyte development in diverse forms of anthozoans . 
Similarities in desmocyte development throughout the class include 
invagination of the differentiating cell, formation of a pectinate 
mesogleal margin and formation of an array of cytoskeletal rods at the 
axis -end of the cell. Comparison with available information on the 



development and fine structure of desmocytes in the cnidarian 
classes Scyphozoa and Hydrozoa shows these similarities do not extend 
across class boundaries and, therefore, common ancestry between the three 
classes of cnidarian desmocytes seems remote if, indeed, such an 
ancestral cell existed at all. 
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TI Coronaviruses as vectors: position dependence of foreign gene expression. 

AB Coronaviruses are the enveloped, positive-stranded RNA viruses with the 

largest RNA genomes known. Several features make these viruses attractive 
as vaccine and therapeutic vectors: (i) deletion of their nonessential 
genes is strongly attenuating; (ii) the genetic space thus created allows 
insertion of foreign information; and (iii) their tropism can be modified 
by manipulation of the viral spike. We studied here their ability to 
serve as expression vectors by inserting two different foreign genes and 
evaluating systematically the genomic position dependence of their 
expression, using a murine coronavirus as a model. Renilla and firefly 
lucif erase expression cassettes, each provided with viral transcription 
regulatory sequences (TRSs) , were inserted at several genomic positions, 
both independently in different viruses and combined within one viral 
genome. Recombinant viruses were generated by using a convenient method 
based on targeted recombination and host cell switching. In all cases 
high expression levels of the foreign genes were observed without severe 
effects on viral replication in vitro. The expression of the inserted 
gene appeared to be dependent on its genomic position, as well as on the 
identity of the gene. Expression levels increased when the lucif erase 
gene was inserted closer to the 3' end of the genome. The foreign gene 
insertions generally reduced the expression of upstream viral genes. The 
results are consistent with coronavirus transcription models in which the 
transcription from upstream TRSs is attenuated by downstream TRSs. 
Altogether, our observations clearly demonstrate the potential of 
coronaviruses as (multivalent) expression vectors. 
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TI Phylogenetic analyses among octocorals (Cnidaria) : mitochondrial and 
nuclear DNA sequences (lsu-rRNA, 16S and ssu-rRNA, 18S) support two 
convergent clades of branching gorgonians . 

AB Gorgonian octocorals lack corroborated hypotheses of phylogeny. This 

study reconstructs genealogical relationships among some octocoral species 
based on published DNA sequences from the large ribosomal subunit of the 
mitochondrial RNA (lsu-rRNA, 16S : 524bp and 21 species) and the small 



subunit of the nuclear RNA (ssu-rRNA, 18S: 1815bp and 13 spp) using 
information from insertions -deletions (INDELS) and the predicted secondary 
structure of the lsu-rRNA (16S) . There were seven short (3-10bp) INDELS 
in the 18S with consistent phylogenetic information. The INDELS in the 
16S corresponded to informative signature sequences homologous to the G13 
helix found in Escherichia coli. We found two main groups of gorgonian 
octocorals using a maximum parsimony analysis of the two genes. One group 
corresponds to deep-water taxa including species from the suborders 
Calcaxonia and Scleraxonia characterized by an enlargement of the G13 
helix. The second group has species from Alcyoniina, Holaxonia and again 
Scleraxonia characterized by insertions in the 18S. Gorgonian corals, 
branching colonies with a gorgonin-containing flexible multilayered axis 
(Holaxonia and Calcaxonia), do not form a monophyletic group. These 
corroborated results from maternally inherited (16S) and biparentally 
inherited (18S) genes support a hypothesis of independent evolution of 
branching in the two octocoral clades . 
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TI Molecular genetic identification of crustose representatives of the order 
Corallinales (Rhodophyta) in Chile. 

AB Knowledge on species of the order Corallinales along the coast of Chile is 
still scarce despite a number of studies and records of other divisions of 
seaweeds made since the early 20th century. This lack of information is 
more dramatic among crustose representatives of the order, thus depriving 
biogeographic studies of a thorough analysis and resulting in inadequately 
representative accounts of biodiversity. The currently changing taxonomy 
of the group makes it difficult to identify and differentiate among taxa 
based on morphological and developmental characters. Therefore, the use 
of molecular tools has been adopted in this study in order to facilitate 
identification and comparison of crustose corallines collected at the 
rocky intertidal between 2 7 degrees and 4 8 degrees S along the Pacific 
temperate coast of South America. A sequence 600bp (in length) from the 
SSU-rDNA gene was used to identify five taxa to the genus level: 
Lithophyllum, Spongites, Mesophyllum, Synarthrophyton, and Leptophytum. 
In all cases, the genus distinction based on morphological characters 
coincide with designations based on variation in the ribosomal DNA gene 
sequence. Spongites is the most frequently occurring genus and is found 
in all localities sampled while the others appear occasionally. Taxa 
recognition at species level must be examined with caution considering 
that morphological variability is not well understood in Chile because the 
SSU-rDNA region sequence does not always stand alone as an unambiguous 
means of identifying all coralline species. In such cases, more rapidly 
evolving markers are needed. For example, sequences from the ITS (rDNA) 



region often provide greater resolution among closely related species and 
genera. However, the methodology presented here remains a useful tool for 
species-level identification. 
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Preliminary evidence for human fecal contamination in corals of the 
Florida Keys, USA. 

Corals and reef environments are under increased stress from anthropogenic 
activities, particularly those in the vicinity of heavily populated areas 
such as the Florida Keys. The potential adverse impacts of wastewater can 
affect both the environment and human health; however, because of the high 
decay rate of bacterial indicators in coral reef waters it has been 
difficult to document the presence of microbial contaminants and to assign 
risks in these environments. Here we show initial evidence that 
microorganisms associated with human feces are concentrated along the 
surface of coral heads relative to the overlying water column in the 
Florida Keys. Bacterial indicators (fecal coliform bacteria, enterococci 
or Clostridium perfringens) were detected in 66.7% of the coral surface 
microlayer (CSM) samples at levels between five and 1000 CFU/100 ml, but 
were found infrequently and at low numbers in the overlying water column ( 
< or = 2.5 CFU/100 ml). Similarly, enterovirus nucleic 
acid sequences, an indicator of human- specific waste, were 
detected in 93.3% of the CSM samples and only once in the water column by 
cell culture. Results show that coral mucus may accumulate enteric 
microorganisms in reef environments, and may indicate a risk to public and 
environmental health despite low indicator levels in the surrounding 
water . 
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TI The mitochondrial genome of Acropora tenuis (Cnidaria; Scleractinia) 
contains a large group I intron and a candidate control region. 

AB The complete nucleotide sequence of the mitochondrial genome of the coral 
Acropora tenuis has been determined. The 18,338 bp A. tenuis 
mitochondrial genome contains the standard metazoan complement of 13 
protein-coding and two rRNA genes, but only the same two tRNA genes (trnM 
and trnW) as are present in the mtDNA of the sea anemone, Metridium 
senile. The A. tenuis nad5 gene is interrupted by a large group I intron 
which contains ten protein-coding genes and rns; M. senile has an intron 
at the same position but this contains only two protein-coding genes. 
Despite the large distance (about 11.5 kb) between the 5?-exon and 3?-exon 
boundaries, the A. tenuis nad5 gene is functional, as we were able to 
RT-PCR across the predicted intron splice site using total RNA from A. 
tenuis. As in M. senile, all of the genes in the A. tenuis mt genome have 
the same orientation, but their organization is completely different in 
these two zoantharians : The only common gene boundaries are those at each 
end of the group I intron and between trnM and rnl . Finally, we provide 
evidence that the rns-cox3 intergenic region in A. tenuis may correspond 
to the mitochondrial control region of higher animals. This region 
contains repetitive elements, and has the potential to form secondary 
structures of the type characteristic of vertebrate D-loops. Comparisons 
between a wide range of Acropora species showed that a long hairpin 
predicted in rns-cox3 is phylogenetically conserved, and allowed the 
tentative identification of conserved sequence blocks. 
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TI Mitochondrial DNA of the coral Sarcophyton glaucum contains a gene for a 
homologue of bacterial MutS: a possible case of gene transfer from the 
nucleus to the mitochondrion. 

AB The nucleotide sequences of two segments of 6,737 ntp and 258 nto of the 
18.4-kb circular mitochondrial (mt) DNA molecule of the soft coral 
Sarcophyton glaucum (phylum Cnidaria, class Anthozoa, subclass 
Octocorallia, order Alcyonacea) have been determined. The larger segment 
contains the 3' 191 ntp of the gene for subunit 1 of the respiratory chain 
NADH dehydrogenase (ND1) , complete genes for cytochrome b (Cyt b) , ND6, 
ND3, ND4L, and a bacterial MutS homologue (MSH) , and the 5' terminal 1,124 
ntp of the gene for the large subunit rRNA ( 1 - rRNA) . These genes are 
arranged in the order given and all are transcribed from the same strand 
of the molecule. The smaller segment contains the 3' terminal 134 ntp of 
the ND4 gene and a complete tRNA (f -Met) gene, and these genes are 
transcribed in opposite directions. As in the hexacorallian anthozoan, 
Metridium senile, the mt-genetic code of S. glaucum is near standard: that 



is, in contrast to the situation in mt -genetic codes of other invertebrate 
phyla, AGA and AGG specify arginine, and ATA specifies isoleucine. 
However, as appears to be universal for metazoan mt -genetic codes, TGA 
specifies tryptophan rather than termination. Also, as in M. senile the 
mt-tRNA(f -Met) gene has primary and secondary structural features 
resembling those of Escherichia coli initiator tRNA, including standard 
dihydrouridine and T psi C loop sequences, and a mismatched nucleotide 
pair at the top of the amino-acyl stem. The presence of a mutS gene 
homologue, which has not been reported to occur in any other known mtDNA, 
suggests that there is mismatch repair activity in S. glaucum 
mitochondria. In support of this, phylogenetic analysis of MutS family 
protein sequences indicates that the S. glaucum mtMSH protein is more 
closely related to the nuclear DNA-encoded mitochondrial mismatch repair 
protein (MSH1) of the yeast Saccharomyces cerevisiae than to eukaryotic 
homologues involved in nuclear function, or to bacterial homologues . 
Regarding the possible origin of the S. glaucum mtMSH gene, the 
phylogenetic analysis results, together with comparative base composition 
considerations, and the absence of an MSH gene in any other known mtDNA 
best support the hypothesis that S. glaucum mtDNA acquired the mtMSH gene 
from nuclear DNA early in the evolution of octocorals. The presence of 
mismatch repair activity in S. glaucum mitochondria might be expected to 
influence the rate of evolution of this organism's mtDNA. 
1998210232 MEDLINE 
PubMed ID: 9541536 

Mitochondrial DNA of the coral Sarcophyton glaucum contains 
a gene for a homologue of bacterial MutS: a possible case 
of gene transfer from the nucleus to the mitochondrion. 
Pont-Kingdon G; Okada N A; Macfarlane J L; Beagley C T; 
Watkins-Sims C D; Cavalier-Smith T; Clark-Walker G D; 
Wolstenholme D R 

Department of Biology, University Utah, Salt Lake City 
84112, USA. 
GM 18375 (NIGMS) 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



AUTHOR : 



CORPORATE SOURCE: 

CONTRACT NUMBER: 

RR 07092 (NCRR) 



SOURCE : 

PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
OTHER SOURCE: 
ENTRY MONTH: 
ENTRY DATE: 



Journal of molecular evolution, (1998 Apr) 46 (4) 419-31. 
Journal code: 0360051. ISSN: 0022-2844. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 

GENBANK- AF0 6 3191; GENBANK- AF0 63192 
199805 

Entered STN: 19980514 

Last Updated on STN: 20000303 

Entered Medline: 19980501 



L27 ANSWER 7 OF 10 MEDLINE on STN 

TI The mitochondrial genome of the sea anemone Metridium senile (Cnidaria) : 
introns, a paucity of tRNA genes, and a near-standard genetic code. 

AB The circular, 17,443 nucleotide-pair mitochondrial (mt) DNA molecule of 
the sea anemone, Metridium senile (class Anthozoa, phylum 
Cnidaria) is presented. This molecule contains genes for 13 energy 
pathway proteins and two ribosomal (r) RNAs but, relative to other 
metazoan mtDNAs , has two unique features: only two transfer RNAs 
(tRNA(f-Met) and tRNA(Trp)) are encoded, and the cytochrome c oxidase 
subunit I (COI) and NADH dehydrogenase subunit 5 (ND5) genes each include 
a group I intron. The COI intron encodes a putative homing endonuclease, 
and the ND5 intron contains the molecule's ND1 and ND3 genes. Most of the 
unusual characteristics of other metazoan mtDNAs are not found in M. 
senile mtDNA: unorthodox translation initiation codons and partial 
translation termination codons are absent, the use of TGA to specify 
tryptophan is the only genetic code modification, and both encoded tRNAs 
have primary and secondary structures closely resembling those of standard 
tRNAs. Also, with regard to size and secondary structure potential, the 



mt-s-rRNA and mt-l-rRNA have the least deviation from Escherichia coli 16S 
and 23S rRNAs of all known metazoan mt-rRNAs. These observations indicate 
that most of the genetic variations previously reported in metazoan mtDNAs 
developed after Cnidaria diverged from the common ancestral line of all 
other Metazoa. 
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Homeoboxes in sea anemones (Cnidaria :Anthozoa) : a PCR-based 
survey of Nematostella vectensis and Metridium senile. 
Homeobox genes belong to a phylogenetically widespread family of 
regulatory genes that play important roles in pattern formation and 
cell-fate specification in several model systems (e.g., Drosophila, mouse, 
and C. elegans) . Although the evolution of many classes of homeobox genes 
predates the diversification of the Bilateria, comparatively little is 
known about homeobox genes in outgroups to the Bilateria, such as the 
Cnidaria. We used the polymerase chain reaction to recover 12 partial 
homeoboxes from 2 species of sea anemones, Metridium senile and 
Nematostella vectensis (phylum Cnidaria; class Anthozoa) . These 
homeoboxes appear to represent 9 distinct, mutually paralogous homeobox 
genes, 5 of which belong to previously identified cnidarian homeobox 
classes, and 4 of which appear to represent previously unidentified 
classes. The evolutionary relationships between the homeodomains of sea 
anemones and of bilaterian animals were assessed through database searches 
and phylogenetic analyses. As many as 5 of the anemone homeoboxes may 
belong to the Hox class, which suggests that the Hox gene complement of 
cnidarians is larger than previously expected. Homologs of the 
even-skipped gene of Drosophila were also identified in both Metridium and 
Nematostella . 
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Systematic relationships within the Anthozoa (Cnidaria: 
Anthozoa) using the 5 1 -end of the 28S rDNA. 

Systematic relationships among the subclasses of Anthozoa, and 
especially among the orders Scleractinia, Actiniaria, and Corallimorpharia 
of subclass Zoantharia, were investigated by applying parsimony and 
distance methods of analysis to nucleotide sequence data obtained for the 
5' end of the 28S rDNA. Exhaustive parsimony analysis indicates that the 
Ceriantipatharia are most representative of the ancestral Anthozoa 

When applied to a wide range of scleractinians (nine taxa) , 
actiniarians (seven taxa) , and corallimorpharians (six taxa) , both 
parsimony and distance analyses resolve three groups, one being the 
Scleractinia and the others containing both actiniarians and 
corallimorpharians. This indicates an unclear relationship between 
Actiniaria and Corallimorpharia and gives no support for Hand's hypothesis 
of scleractinian ancestry of actiniarians and corallimorphians ; the 
monophyly of the Scleractinia, which is strongly supported by our 
evidence to the contrary. 
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TI Class-level relationships in the phylum Cnidaria: molecular and 
morphological evidence. 

AB The evolutionary history of cnidarian life cycles has been debated since 
the 1880s, with different hypotheses favored even by current textbooks. 
Contributing to the disagreement is the fact that the systematic 
relationships of the four cnidarian classes have received relatively 
little examination using modern systematic methods. Here we present 
analyses of class-level relationships based on 18S ribosomal DNA (rDNA) 
sequence, mitochondrial 16S rDNA sequence, mitochondrial genome structure, 
and morphological characters. DNA sequences were aligned using a 



repeatable parsimony-based approach incorporating a range of alignment 
parameters. Analyses of individual data sets and of all data combined are 
unanimous in grouping the classes possessing a medusa stage, leaving the 
holobenthic Anthozoa basal within the phylum. 
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